
































             曹
 石
           指导教师
 章慧教授
               厦门大学
 
学校编码：10384                        分类号_______密级 ______ 
学号：20520141151492                          UDC _______ 
 
 
硕  士  学  位  论  文 
手性 N2O2型席夫碱金属络合物的结构 
及其集成手性光谱初探 
Structures and Preliminary Methodology  
on the Integrated Chiroptical Spectroscopy of Chiral 
N2O2-Type Schiff Base Metal Complexes 
曹  石 
指导教师姓名： 章   慧  教 授
专 业 名 称： 无  机  化  学
论文提交日期： 2 0 1 7 年 5 月
论文答辩日期： 2 0 1 7 年 5 月
学位授予日期： 2 0 1 7 年    月
 
答辩委员会主席：           
评    阅    人：           
 




















Structures and Preliminary Methodology 
on the Integrated Chiroptical Spectroscopy of Chiral N2O2-Type 
Schiff Base Metal Complexes 
 
 




Prof. Hui Zhang 
 
 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的






声明人  （签名）： 
指导教师（签名）： 
 























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 

















目   录 
 
摘  要 ........................................................................................................................... I 
论文中有关化合物的简称与结构式 ........................................................................ III 
论文中金属络合物的简称与结构式 .........................................................................IV 
第一章 绪 论 ............................................................................................................... 1 
1.1 手性的基本概念 ........................................................................................................................ 1 
1.2 席夫碱及其衍生物简介 ............................................................................................................ 1 
1.3 席夫碱及其络合物的研究现状 ................................................................................................ 2 
1.3.1席夫碱络合物在催化方面的应用 .................................................................................. 2 
1.3.2 席夫碱络合物在生物活性方面的研究 ......................................................................... 3 
1.3.3 多核席夫碱络合物及其多维手性结构 ......................................................................... 4 
1.3.4 手性席夫碱络合物的手性层次以及两种绝对构型命名法 ......................................... 8 
1.4手性席夫碱络合物的研究方法 ............................................................................................... 10 
1.4.1单晶 X-射线衍射法 ...................................................................................................... 10 
1.4.2 ECD光谱与手性席夫碱络合物绝对构型关联 ........................................................... 10 
1.4.3手性 salen络合物的 ECD光谱研究 ............................................................................ 11 
1.4.4手性席夫碱络合物的 VCD光谱研究 ......................................................................... 13 
1.5 本论文的选题依据、研究目标和研究内容 .......................................................................... 16 
第二章 手性 N2O2型席夫碱 Ni(II)和 Cu(II)络合物的合成和表征 ...................... 20 
2.1实验部分 ................................................................................................................................... 20 
2.1.1仪器与试剂 .................................................................................................................... 20 
2.1.2 系列手性席夫碱金属络合物的合成 ........................................................................... 20 
2.2 表征结果 .................................................................................................................................. 22 
2.2.1 质谱分析 ....................................................................................................................... 22 
2.2.2 元素分析 ....................................................................................................................... 22 
2.2.3 单晶结构分析 ............................................................................................................... 23 
2.2.4 紫外-可见光谱、固体和溶液 ECD光谱表征 ............................................................ 24 
2.2.5溶液 VCD光谱表征 ..................................................................................................... 28 
2.3 本章小结 .................................................................................................................................. 29 
第三章 席夫碱 Cu(II)络合物的超分子螺旋手性及其手性光谱 ........................... 30 
3.1 席夫碱金属络合物的超分子螺旋手性简介 .......................................................................... 30 
3.2 手性[Cu(dha-en)]络合物的超分子螺旋手性 ......................................................................... 31 














3.2.2 手性[Cu(dha-en)]络合物的超分子螺旋结构 .............................................................. 32 
3.2.3 手性超分子[Cu(dha-en)]络合物的 ECD光谱 ........................................................... 36 
3.2.4 手性超分子[Cu(dha-en)]络合物的 VCD光谱 ........................................................... 38 
3.3本章小结 .................................................................................................................................. 38 
第四章 席夫碱 Ni(II)和 Cu(II)络合物的集成手性光谱及其绝对构型关联 ........ 40 
4.1席夫碱金属络合物的手性光谱与绝对构型关联 ................................................................... 40 
4.1.1席夫碱金属络合物的 ECD光谱与绝对构型关联 ...................................................... 40 
4.1.2席夫碱金属络合物的 VCD光谱与绝对构型关联 ...................................................... 41 
4.2席夫碱 Cu(II)络合物的手性光谱与绝对构型关联 ................................................................ 42 
4.2.1席夫碱 Cu(II)络合物的 ECD光谱与绝对构型关联 ................................................... 42 
4.2.2席夫碱 Cu(II)络合物的 VCD光谱与绝对构型关联 ................................................... 46 
4.3席夫碱 Ni(II)络合物的手性光谱与绝对构型关联 ................................................................. 51 
4.4本章小结 ................................................................................................................................... 53 
第五章 手性席夫碱 Cu(III)络合物 ECD光谱初探 ............................................... 54 
5.1 Cu(III)络合物简介.................................................................................................................... 54 
5.2 手性[CuIII(bsal-chxn)]络合物的 ECD光谱 ............................................................................ 55 
5.3循环伏安法测定[Cu(bsal-R,R-chxn)]的极化曲线 .................................................................. 57 
5.4本章小结 ................................................................................................................................... 58 
第六章 全文总结 ....................................................................................................... 59 
参考文献 ..................................................................................................................... 62 
附录 ............................................................................................................................. 71 
在学期间发表论文 ..................................................................................................... 81 
















Abstract ........................................................................................................................ II 
Chapter 1 Introduction................................................................................................ 1 
1.1 Basic conception of chirality .......................................................................................... 1 
1.2 Common Schiff base and their derivatives ....................................................................... 1 
1.3 Research status of Schiff base and their complexes ........................................................... 2 
1.3.1 Catalytic properties of Schiff base metal complexes .............................................................. 2 
1.3.2 Biologic activity of Schiff base metal complexes ................................................................... 3 
1.3.3 Multinuclear Schiff base metal complexes and their multidimensional structures ............... 4 
1.3.4 Chiral levels of Schiff base complexes and two absolute configuration nomenclatures ...... 8 
1.4 Study on chiral Schiff base metal complexes .................................................................. 10 
1.4.1 Methd of X-ray crystallographic ............................................................................................ 10 
1.4.2 ECD spectra and absolute configuration correlations of Schiff base metal complexes ...... 10 
1.4.3 Study on ECD spectra of chiral [M(salen)] complexes ......................................................... 11 
1.4.4 Study on VCD spectra of chiral Schiff base metal complexes ............................................. 13 
1.5 Bases, objectives and contents of designing this thesis ..................................................... 16 
Chapter 2 Synthesis and characterization of chiral N2O2-type Schiff base Ni(II) 
and Cu(II) complexes ................................................................................................. 20 
2.1 Experimental section ................................................................................................... 20 
2.1.1 Materials and instruments ....................................................................................................... 20 
2.1.2 Synthesis of chiral Schiff base metal complexes ................................................................... 20 
2.2 Characterization ......................................................................................................... 22 
2.2.1 Mass spectra analysis .............................................................................................................. 22 
2.2.2 Elemental analysis ................................................................................................................... 22 
2.2.3 X-ray crystallographic analysis .............................................................................................. 23 
2.2.4 UV-vis, solution and solid-state ECD spectra ........................................................................ 24 
2.2.5 Solution VCD spectra .............................................................................................................. 28 
2.3 Summary ................................................................................................................... 29 
Chapter 3 Supramolecular helical chirality of Schiff base copper(II) complexes 
and their chiroptical spectroscopy ............................................................................ 30 
3.1 Common on supramolecular helical chirality of Schiff base metal complexes ..................... 30 
3.2 Supramolecular helical chirality of [Cu(dha-en)] complexes ...................................................... 31 
3.2.1 Crystal structures of chiral [Cu(dha-en)] complexes............................................................. 31 















3.2.3 ECD spectra of chiral supramolecular [Cu(dha-en)] complexes .......................................... 36 
3.2.4 VCD spectra of chiral supramolecular [Cu(dha-en)] complexes.......................................... 38 
3.3 Summary .................................................................................................................. 38 
Chapter 4 Integratrd chiroptical spectroscopy and absolute configuration 
correlations of chiral Schiff base Ni(II) and Cu(II) complexes .............................. 40 
4.1 Absolute configuration correlation with chiroptical spectra of Schiff base metal complexes .. 40 
4.1.1 Absolute configuration correlation with ECD spectra of Schiff base metal complexes ..... 40 
4.1.2 Absolute configuration correlation with VCD spectra of Schiff base metal complexes ..... 41 
4.2 Absolute configuration correlation with chiroptical spectra of Schiff base Cu(II) complexes .. 42 
4.2.1 Absolute configuration correlation with ECD spectra of Schiff base Cu(II) complexes .... 42 
4.2.2 Absolute configuration correlation with VCD spectra of Schiff base Cu(II) complexes .... 46 
4.3 Absolute configuration correlation with chiroptical spectra of Schiff base Ni(II) complexes .. 51 
4.4 Summary ................................................................................................................... 53 
Chapter 5 Study on ECD spectra of chiral Schiff base Cu(III) complexes .......... 54 
5.1 Common Cu(III) complexes ......................................................................................... 54 
5.2 ECD spectra of chiral [Cu
III
(bsal-chxn)] complexes ........................................................ 55 
5.3 Cyclic voltammetry curve of [Cu(bsal-R,R-chxn)] .......................................................... 57 
5.4 Summary ................................................................................................................................... 58 
Chapter 6  Conclusions ............................................................................................ 59 
Reference .................................................................................................................... 62 
Appendix ..................................................................................................................... 71 
Paper List of Publication ........................................................................................... 81 






























































Chiral Schiff base metal complexes have been wildly applied in the asymmetric 
catalysis and chiral functional materials areas. They can be used as model compounds 
in the fundamental research of electronic circular dichroism (ECD) and vibrational 
circular dichroism (VCD) spectroscopy due to the diversity of their chiral 
chromophores and coordination stereo-structures. This thesis mainly focuses on the 
chiral Schiff base Ni(II) and Cu(II) complexes, deeply study their chiral coordination 
spatial structures, dominating conformations as well as the correlation between their 
absolute configurations and comprehensive solid or solution state ECD/VCD 
spectroscopy. The chiral Schiff base Cu(II) complexes which possess helical supra- 
molecular structures were preliminarily discussed. Main contents containing six 
sections are as follows: 
Chapter 1 introduces the origin of Schiff-base, salen ligands and summarizes the 
different definition rules of the absolute configurations of four-coordinate metal 
complexes with N2O2-type Schiff base ligands; introduces five levels of chirality in 
the chiral Schiff base metal complexes and focus on the helical supramolecular 
structures; then reviews the correlation rules between their absolute configurations 
and integrated chiroptical (ECD/VCD) spectroscopy. Finally, the selected topics basis 
and research target of this dissertation is briefly presented. 
In chapter 2, chiral Schiff-base ligands and their metal Ni(II) and Cu(II)) 
complexes were synthesized. They were characterized by element analysis, mass 
spectra, multiple ECD/VCD spectra, and X-ray single crystal diffraction. 
In chapter 3, the crystal structures of [Cu(dha-R,R-chxn)], [Cu(dha-S,S-chxn)], 
[Cu(dha-R,R-dpen)], [Cu(dha-S,S-dpen)], [Cu(dha-R,R-binam)] and [Cu(dha-S,S- 
binam)] were characterized. The chiral supramolecular self-assemblies in the 
formation of chiral coordination polymers with one-dimensional helical chains for 
chiral [Cu(dha-R,R/S,S-en)] (en = chxn and dpen) and their integrated chiroptical 
spectroscopy were preliminarily studied as well. 
In chapter 4, the correlation between the multiple chiroptical spectroscopy and 
absolute configurations of four-coordinate chiral Schiff base Cu(II) complexes were 
discussed. However, the different ECD correlation rule we have proposed was applied 
to the related chiral Schiff base Ni(II) complexes. 









In chapter 6, the thesis is concluded with a brief summary. 
 
Key Words: Chiral metal complex; N2O2-type quadridentate Schiff base ligand; 
Electronic circular dichroism (ECD) spectroscopy; vibrational circular dichroism 















































































































































































































第一章 绪 论 
1 












1864 年[3]，意大利化学家 Hugo Schiff(图 1.1)将伯胺与另一化合物的羰基缩
合，首次得到了具有 R1R2C=NR3(亚胺)基团的化合物。之后将这一大类含有特征
－CH=N－或＞C=N－基团的有机化合物命名为席夫碱(Schiff base)，并沿用至
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